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ABSTRACT 
Performance of corn (Zea mays L.) breeding programs is based on germplasm 
selection of breeding populations and the ability to recognize and utilize heterotic patterns. 
The objective of this research is to identify superior corn populations that could be useful 
germplasm sources in producing inbreds for hybrid corn production. Population hybrids 
were produced using seven Stiff-Stalk and five Non-Stiff-Stalk populations. The 35 F% 
hybrids and the original 12 populations were evaluated in an So randomized complete block 
design experiment at five locations in Iowa during 2003 and 2004. Concurrently, each of the 
35 hybrids and 12 populations were selfed and evaluated in an Si experiment at the same 
locations and years. Data were collected for grain yield, grain moisture, root and stalk 
lodging, and plant and ear height for both So and Si experiments. Analysis of variance was 
performed following the Gardner and Eberhart Analysis II model. General combining ability 
(GCA) and specific combining ability (SCA) were calculated for each population and 
population hybrid, respectfully. The population hybrid of BS10(FR)C 14/BS29(R)C3 showed 
the most potential. This cross of Corn Belt germplasm with exotic germplasm was the best 
population hybrid. BSSS(R)C14 had the highest GCA for grain yield of the Stiff-Stalk 
populations. BSCB1(R)C14 and BS11(FR)C14 had the highest GCA for the Non-Stiff-Stalk 
populations. 
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INTRODUCTION 
Germplasm selection is vital for long-term genetic advancement in corn breeding 
programs. Knowledge of parental genetic materials that are available to be used is valuable 
to make productive hybrid combinations or for the initiating breeding programs. Heterotic 
patterns have been widely utilized in hybrid corn production. Categorizing newly introduced 
material into a heterotic pattern is beneficial to a breeding program. Newly adapted exotic 
materials could add diversity to the breeding gene pool. 
Measurements must be made to determine the usefulness of exotic populations to 
improve hybrid performance. Individual populations are judged by their ability to perform 
well agronomicly per se as well as within hybrid crosses. Presence of useful diverse genetic 
germplasm, high population mean, and high levels of heterosis are important to the 
usefulness of a population. 
Historically, the best way to obtain the information needed to determine these 
performance parameters is to conduct an experiment that produces data that estimates general 
(GCA) and specific combining ability (SCA). A factorial mating design was used to estimate 
GCA and SCA of populations where the parents were classified into two heterotic groups. 
The populations have been improved by recurrent selection and included U.S. Corn Belt and 
adapted exotic populations. 
The objective of this research is to identify superior com populations that will be 
useful in producing inbreds for hybrid corn production. Superior populations were found by 
estimating GCA of the populations and SCA of the population hybrids. Selfing the 
populations and the population hybrids gave a basis for evaluating the amount of inbreeding 
depression that was exhibited by each population and population hybrid. Mid-parent 
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heterosis provides a means of estimating the potential of the populations to produce 
successful hybrids. 
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LITERATURE REVIEW 
The concept of heterosis refers to the genetic expression of the superiority of a hybrid 
in relationship to its parents (Duvick, 1997). This can be described quantitatively by the 
increase of a hybrid over the mean of its parents. Modern hybrid breeding to exploit the 
concept of heterosis was first outlined by Shull (1908, 1909, 1910). Shull (1908) described 
in his first paper how an open-pollinated variety is a series of complex hybrids produced 
from primary varieties or individuals. 
Requirements for heterosis to be beneficial to a breeder were described by Schnell 
(1982) as a high frequency of partially or completely dominant genes and/or a maximum 
difference in gene frequencies of overdominant loci. Criteria for the identification of new 
heterotic groups and patterns were discussed by Melchinger and Gumber (1998): 
1. High mean performance and large genetic variance in the hybrid population to 
ascertain future selection response by adopting the usefulness concept of Schnell 
(1978); 
2. High per se performance and good adaptation of both or at least one of the parental 
heterotic groups; 
3. Low inbreeding depression in the source materials for the development of inbreds; 
and 
4. A stable cytoplasmic male sterile (CMS) system without deleterious side effects, as 
well as effective restorers and maintainers, if hybrid breeding is based on cytoplasmic 
male sterility. 
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Falconer and MacKay (1996) defined three conclusions that can be drawn from the 
equations presented: H F l  =^(p,  ~ r ,  f  d : , where pi is the frequency of the favorable 
alleles at the ith loci of one parent; r, is the frequency of the same allele in the other 
parent; and d; is the deviation due to dominance. 
1. If some loci are dominant in one direction and some in the other, their effects will 
tend to cancel out regardless of dominance at individual loci. 
2. The amount of heterosis will be specific to each cross 
3. If the lines crossed are highly inbred, or nearly homozygous, the difference of 
gene frequency between them can only be 0 or 1. 
Heterotic groups are often described as a group of related or unrelated genotypes 
from the same or different population, which display similar combining ability and heterotic 
response when crossed with genotypes from other genetically distinct germplasm groups. 
Heterotic patterns normally refer to a specific pair of two heterotic groups, which have high 
heterosis and high hybrid performance. 
Germplasm evaluation is often based on the general combining ability (GCA) and 
specific combining ability (SCA) of an entry. Sprague and Tatum (1942) defined GCA as the 
average performance of a line or population in hybrid combination when expressed as a 
deviation from the mean of all crosses, attributed primarily to additive gene effects. SCA 
was defined as the non-additive gene effects, which caused a hybrid to do better or worse 
than would be expected based on the average performance of the parents. Populations 
exhibiting high GCA are considered candidates for further development in a recurrent 
selection program. Estimates of GCA and SCA have been used extensively in corn 
population improvement programs as recurrent selection methods were designed to provide 
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systematic, incremental genetic improvements in genetically broad-based populations for 
complex traits (Hallauer, 1997). For breeding programs emphasizing the development of 
inbred lines and hybrids from populations, derived from distinct heterotic groups, Hallauer 
(1997) states that reciprocal recurrent selection methods should be used to enhance the 
heterotic pattern. 
Echandi and Hallauer (1996) evaluated four U.S. Corn Belt cultivars and four adapted 
exotic cultivars in diallel crosses. Their results suggested that BSSS(R)C12 x BS29 should 
be used in hybrid combinations. It was reported that BS29 had significantly greater yield in 
crosses with Iowa Stiff Stalk Synthetic germplasm. This would suggest that BS29 belongs in 
the Non-Stiff-Stalk heterotic group. 
Melani and Carena (2005) developed alternative maize heterotic patterns for northern 
Corn Belt materials. Their results were contrary to the Iowa Stiff Stalk Synthetic(BSSS) x 
Lancaster Sure Crop most normally used. BS21(R)C7 combined well with CGL(Si-S^)C5, 
BS22(R)C7, NDSG(M)C15, LEAMING(S)C4, CGSS(SrS2)C5 and NDSAB(MER)C 12. 
The other heterotic pattern that was found was BS22(R)C7 and LEAMING(S)C4. A strong 
association was found between grain yield of the populations and their GCA for grain 
moisture. 
Lamkey and Smith (1987) reported inbreeding depression values of historical and 
modern day populations. The absolute value of inbreeding depression has increased over 
time, but the inbreeding depression as a relative percentage of yield has remained fairly 
constant. 
Mickelson et al. (2001) suggest that the introgression of exotic germplasm could 
increase the heterosis among com populations. In this study BSSS(R) exhibited high levels 
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of mean variety heterosis. The authors concluded that BSSS(R) performance was the best in 
crosses, but the exotic Population 44 was best per se. 
7 
MATERIALS AND METHODS 
Genetic Materials 
Twelve different populations were used in this experiment. Of the 12, eight 
populations were considered U.S. Corn Belts dents and four were adapted exotic populations. 
1. BS10(FR)C14 (Reid Yellow Dent)—A strain developed after 14 cycles of full-sib 
reciprocal recurrent selection (RRS) improvement in the Iowa Two-Ear Synthetic 
(BS10) population. BS11 was the tester used in RRS. BS10 was developed by 
intermating 10 inbred lines with a prolific tendency and the lines were primarily of 
Reid Yellow Dent germplasm (Russell et al., 1971). 
2. BS34(S)C4 (Midland)--A strain developed after four cycles of Si and S% recurrent 
selection within the BS34 population. BS34, commonly called Midland Yellow Dent, 
originated and is adapted to southeastern Kansas. Midland Yellow Dent's phenotypic 
expression in Iowa resembles tropical germplasm since it is vigorous, leafy, and has 
heavy stalks (Carena, 1994). 
3. BS28(R)C3 (Tuxpeno)--A strain developed from the improvement of the BS28 
population after three cycles of reciprocal recurrent selection with BS29 as the tester. 
Population BS28 was developed from a composite of primarily Tuxpeno germplasm. 
The BS28 population was adapted for the central U.S. Corn Belt area after five cycles 
of mass selection for earlier flowering (Hallauer, 1994). 
4. BSSS(R)C14 (Iowa Stiff Stalk Synthetic)—A strain developed from the Iowa Stiff 
Stalk Synthetic population after being improved through 14 cycles of half-sib 
reciprocal recurrent selection. BSCB1 was the tester used in RRS. BSSS was 
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synthesized in the 1930's by intercrossing 16 inbred lines selected for good stalk 
quality and the lines were primarily of Reid Yellow Dent origin (Sprague, 1946). 
5. BS13(S)C9—A strain developed from the Iowa Stiff Stalk Synthetic population by 
seven cycles of half-sib selection and nine cycles of S% selection. BS13 is a breeding 
population that should be useful for extraction of lines that have high yield as lines 
per se and good combining ability with lines of Lancaster Sure Crop background 
(Hallauer and Smith, 1979). 
6. BSK(S)C11 (BSK)--A strain of Krug High I Syn. 3 that was improved by 11 cycles 
of Si and S% intrapopulation recurrent selection. The base population BSK, is a strain 
of the open-pollinated variety Krug Yellow Dent, that was developed at the Nebraska 
Agricultural Experiment station and designated Krug High I (Tanner, 1984). 
7. BSK(HI)C11 (BSK)—A strain of Krug High I Syn 3 that was improved through eight 
cycles of half-sib and three cycles of Si and S2 recurrent selection. Lines and crosses 
used as testers in the development of the BSK(HI)C8 strain were double cross IA 
4659 ((WF9 X W22) X (B14 X M14)), the parental single cross of IA 4659, Krug 
755, and B73 for the first eight cycles of selection (Tanner, 1984). Intrapopulation SI 
and S2 recurrent selection was used for the last three cycles. 
8. BS11(FR)C14—A strain developed after 14 cycles of full-sib reciprocal recurrent 
selection improvement of the Pioneer Two-Ear Synthetic #1 population. BS10 was 
the tester used in RRS. BS11 was developed by W.L. Brown of Pioneer Hi-Bred 
International, Inc. and BS11 was formed by crossing southern prolific material, 
Caribbean material, and U.S. Corn Belt lines. ( Hallauer 1967). 
9. BS26(S)C4—A strain that has had four cycles of Si and S2 recurrent selection. The 
development of BS26 was initiated in 1977 by crossing 15 inbred lines (primarily 
CI03 germplasm) with BSL(HI)C5, BSL(S)C6, and BSTL(S)C2. Germplasm 
contained in the BS26 population is mostly Lancaster Sure Crop origin (Hallauer, 
1986). 
10. BS29(R)C3 (Suwan-1)—A strain developed from three cycles of half-sib reciprocal 
recurrent selection improvement in the BS29 population with BS28 as the tester. 
Population BS29 was developed from Suwan-1 (S)C6. Suwan-1 is primarily 
Caribbean germplasm and was developed in Thailand. Adaptation of BS29 to central 
U.S. Com Belt environments was achieved after five cycles of mass selection for 
earlier flowering. (Hallauer, 1994) 
11. BSCB1(R)C14—A strain developed after 14 cycles of half-sib reciprocal recurrent 
selection improvement in the Iowa Com Borer Synthetic population. Iowa Stiff Stalk 
Synthetic was the tester for RRS. BSCB1 was synthesized in the 1940's from 12 
inbred lines selected for greater resistance to leaf feeding by the first-generation 
European com borer (Russell et al. 1971). 
12. BS16(S)C2—A strain of ETO Composite that was obtained from Colombia, South 
America and has been improved through two cycles of Si recurrent selection. BS16 
was developed from the original ETO Composite population through six cycles of 
mass selection for adaptation to temperate environments. BS16 strain included 100% 
tropical germplasm and is adapted to central U.S. Com Belt environments. (Hallauer 
and Smith, 1979). 
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Crossing Procedure 
The treatment design was the factorial or Design II mating design developed by 
Comstock and Robinson (1948, 1952). This design allows the grouping of the parents into 
either the Stiff-Stalk or the Non-Stiff-Stalk heterotic group. Design II mating designs have 
been extensively used in com experiments (Hallauer and Miranda, 1988). This design allows 
for interpretation of the variation of the Stiff-Stalk, Non-Stiff-Stalk, and the interaction 
between the heterotic patterns (Cockerham, 1963). 
Heterotic patterns were preserved within the twelve populations with the seven Stiff-
Stalk populations being mated with the remaining five Non-Stiff-Stalk populations. Each 
population was crossed to all populations of the opposite heterotic group. This provided 35 
com population hybrids. Four sets of paired rows of all possible 35 crosses were planted in 
the breeding nursery. Hand pollinations were done to develop the cross between each paired 
row set with no plant being used more than twice as a pollen parent. Individual plants were 
used as both a female and a male. F% ears from each nursery row were harvested and 
combined with the other three rows representing the same cross for a total of 80 F% ears for 
each four-paired row set. This seed represented reciprocal crosses between both parents 
combined. The crosses from each entry were shelled in bulk, and then a bulk sample of Fi 
seed was taken to represent each entry. This hybrid seed was used to conduct the So 
experiment. A bulk of 200 seeds was planted in the 2002 nursery, and all individual plants 
were selfed. All 35 population crosses and the populations were selfed. Each entry was 
harvested individually, and a balance bulk of S% seed was made at shelling. The balanced 
bulk included an equal number of kernels from each Si ear. This seed was used for the Sj 
experiment. 
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Experimental Design 
The So and Si experiments were conducted as a randomized complete block design. 
These experiments were grown at Lewis, Carroll, Ames, Ankeny, and Crawfordsville across 
the state of Iowa in both 2003 and 2004. Three replications were grown at each location by 
year combination. The 60 entries in the So experiment included the 12 populations per se, the 
35 crosses between the seven Stiff-Stalk populations and the five Non-Stiff-Stalk 
populations, and 13 check populations. The 50 entries in the Si experiment included the 12 
Si populations per se, the 35 population cross Si's, and three checks. The So and the Si 
experiments were grown at the same locations and years. The So and the Si entries were 
grown in separate experiments to reduce competition effects due to differences in inbreeding 
levels. 
Each plot in this experiment included two rows that were 18 feet long with 30 inches 
between rows. Populations were overplanted and then thinned to 56 plants per plot or 27,000 
plants per acre shortly after emergence. Fertilization, tillage, and weed control were 
representative of each area for high corn productivity. 
Data Collection 
Data were collected for each plot at all five locations for grain yield, grain moisture, 
stand, root lodging, and stalk lodging. Plant and ear height data on 10 plants per plot were 
collected at Ames, Carroll, and Crawfordsville. Grain yield was collected as the total amount 
of shelled grain that was machine harvested with a plot combine. The harvested grain in 
each plot was adjusted to 15.5 % grain moisture and converted to tones/hectare (t ha"1). 
Grain moisture is the percent moisture present in the grain at harvest, which is measured by a 
moisture meter onboard the plot combine. Stand is the number of plants per plot converted 
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to plants per hectare (p ha"1). Stand counts were recorded shortly after emergence following 
thinning. Root lodging is the percentage of plants in a plot that were inclined more than 30 
degrees from vertical at ground level divided by the total number of plants in a plot. Stalk 
lodging is the percentage of plants broken at or below the ear node divided by the total 
number of plants in the plot. Root and stalk lodging data were collected immediately before 
harvest. Plant height is the average height in centimeters of 10 plants in the plot measured 
from the ground level to the base of the flag leaf. Ear height is the average height in 
centimeters of 10 plants in the plot measured from ground level to the base of the primary ear 
node. Plant and ear height data were collected after the completion of flowering. 
Statistical Design 
Individual location analyses were conducted to examine trends across locations for all 
traits. A combined analysis was performed across locations and years for all traits. In the 
combined data analysis, environments and the environment x entry interaction were 
considered as random sources of variation while entries were considered as fixed sources of 
variation. Outliers were detected by an analysis of residuals. SAS GLM was used to 
perform the analysis of variance for both experiments (SAS Institute, Inc., 1990). Tests for 
significance were made on all traits. LSD's were calculated for both the hybrids and the 
populations. LSD's were calculated by using the entry by environment interaction mean 
square. Estimates of SCA and GCA were determined from the Design II model analysis. 
Heterosis calculations among crosses were done by estimation of mid-parent heterosis. Mid-
parent heterosis calculations are based on the difference between the F% cross and the mid-
parent value. These estimates were calculated using combined means over environments for 
all entries. Correlations among So traits, among Straits, and between So and Si traits were 
all calculated by the covariance of the two traits divided by the product of their standard 
deviations. This results in the degree of linear association between traits. Inbreeding 
depression was calculated by subtracting Si traits from the So values and reported in absolute 
units. The standard error of inbreeding depression in absolute units was calculated as the 
square root of the sum of the error variances of the Si and the So generation means. 
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RESULTS AND DISCUSSION 
This experiment was conducted during the 2003 and 2004 growing seasons in five 
locations across the state of Iowa. The 2003 growing season was drier than normal, 
particularly in the western locations. Historically, the eastern part of Iowa receives more 
rainfall. The central locations in the state have the best growing conditions with regards to 
soil type and weather. The 2004 season was excellent for growing corn with record yields 
for the state. Timely rains and cooler temperatures provided little stress to the growing crops 
during 2004 (Table 1). 
Population Hybrid Performance 
So Population Hybrids 
So hybrids that performed the best for grain yield did not all have a common parent or 
background (Table 2). The So population hybrid grain yields ranged from a high of 8.3 t/ha 
to low of 6.1 t/ha. The highest entry for grain yield was BS10(FR)C 14/BS29(R)C3. There 
were five other hybrid combinations that were not significantly different from this hybrid: 
BSSS(R)C14/BS29(R)C3, BSSS(R)C14/BSCB1(R)C14, BS13(S)C9/BS11(FR)C14, 
BS 13(S)C9/BS29(R)C3 and BS13(S)C9/BSCB1(R)C14. The hybrid combination of 
BS 10(FR)C 14/BS29(R)C3 seemed unlikely to outperform hybrid combinations that were 
improved as testers to one another throughout the breeding cycles, such as BS10 and BS11 
hybrids. Other hybrids that showed outstanding performance included 
BSSS(R)C14/BSCB1(R)C14 and BS13(S)C9/BS11(FR)C14. It was not surprising that the 
hybrid BSSS(R)C14/BSCB1(R)C14 had high yield. Each of these two populations were 
used as testers to improve the other population. This improvement was for increased hybrid 
performance in a recurrent reciprocal selection program. (Sprague, 1946) This is also a well 
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known and historically used hybrid combination. BS 13(S)C9/BS 11 (FR)C 14 did equally 
well in grain moisture as in grain yield. This hybrid combination was one of the driest 
hybrids. BS 13(S)C9/BS 11 (FR)C 14 did, however, have only average root and stalk strength. 
BS13(S)C9/BS11(FR)C14 seems to have the best overall combination of desirable traits. 
The lowest yielding hybrid combination was BS34(S)C4/BS26(S)C4. This hybrid 
also had nearly the highest grain moisture. Root lodging was about average, but stalk 
lodging was also nearly the highest. This would be considered to be the worst hybrid and 
would not be beneficial to be used for future hybrid combinations. 
So Populations (Table 3) 
The So populations ranged in yield from 5.1 to 7.2 t/ha for the Stiff-Stalk populations 
and 4.7 to 6.6 t/ha for the Non-Stiff-Stalk populations. Both heterotic patterns were 
evaluated in the So experiment together but should only be contrasted within each group. 
Within the Stiff-Stalk populations the highest yielding population was BS10(FR)C14. 
BS10(FR)C14 yielded nearly 50 % more than the average of the Stiff-Stalk populations. 
BS10(FR)C14 was also statistically similar to the lowest grain moisture population and was 
average for root and stalk lodging. There has been some speculation that the BS10 
population was contaminated during improvement near Cycle 9. BS10 was in full-sib 
reciprocal recurrent selection with the BS11 population at Cycle 9. 
The Non-Stiff-Stalk populations seem to have a clear high and low yielding 
population. The BS11(FR)C14 population yielded the highest (6.6 t/ha) and was not 
significantly different for moisture from BSCB1(R)C14 which had the lowest grain moisture. 
The lowest yielding population was BSCB1(R)C14 (4.7 t/ha). The population was also very 
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dry in grain moisture at 16.5 percent. BS29(R)C3 was the population with the highest grain 
moisture (21.2 %). 
Si Population Hybrids 
The Si experiment had lower yields and lower moistures on the average (Table 4). 
The range of grain yields was a low of 3.9 t/ha (BS34(S)C4/BS26(S)C4) to a high of 6.7 t/ha. 
BS10(FR)C14/BS29(R)C3 was the highest yielding entry in the So experiment, and was also 
the highest yielding Si hybrid. The Si experiment results are more importantly used in the 
inbreeding depression section of this paper rather than as a true representation of the 
performance of population hybrids for selection. 
Si Populations 
The Si populations were significantly lower yielding than the So populations due to 
the inbreeding depression from selfing (Table 5). On the average the Si populations were 
lower yielding and had lower harvest grain moistures than the So populations. 
BS10(FR)C14 and BS13(S)C9 were the two highest yielding Stiff-Stalk Si 
populations. BS10(FR)C14 (17.0 %) had slightly wetter grain at harvest than BS13(S)C9 
(16.5 %). Based only on Si performance per se, BS13(S)C9 would be the best population. 
This population had lower than average root and stalk lodging, but did, however, have 
significantly greater plant and ear heights. The poorest yielding Si population per se was 
BS28(R)C3 (3.5 t/ha). Despite its poor yield, BS28(R)C3 did have significantly better 
agronomic traits. In grain moisture, root and stalk lodging, and ear height BS28(R)C3 did 
better than the average. 
BS29(R)C3 was the highest yielding Non-Stiff-Stalk population at 4.7 t/ha. 
BS11(FR)C14 was the second highest yielding Non-Stiff-Stalk (4.5 t/ha) and was not 
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significantly different from BS29(R)C3. BS11(FR)C14 (16.0 %), however, had significantly 
lower grain moisture compared with BS29(R)C3 (18.8 %). The lowest yielding population 
was BSCB1(R)C14. At 3.6 t/ha, BSCB1(R)C14 was the significantly lowest yielding 
population within the Non-Stiff-Stalk populations as well as among both heterotic groups. 
Combining Ability 
GCA accounted for 31 % of the variation among entries in the So experiment for 
Stiff-Stalk populations and for 35 % of the variation among the Non-Stiff-Stalk populations. 
Within the So experiment, the hybrid combination of BS10(FR)C14/BS29(R)C3 had the 
highest SCA for grain yield and was the only hybrid combination that had a positive estimate 
of SCA effect significantly (P > 0.05) greater than zero (Table 7). Both of the populations 
involved in this cross showed high levels of population performance GCA for grain yield 
(Table 6). BS28(R)C3/BSCB1(R)C14 (-0.58) and BSSS(R)C14/BS29(R)C3 (-0.47) had the 
lowest SCA values for grain moisture. These two hybrid combinations had SCA values 
significantly lower than zero. BS34(S)C4/BSCB1(R)C14 (0.45), and 
BSSS(R)C14/BS26(S)C4 (0.45) performed the lowest (highest SCA) for grain moisture 
estimates of SCA. Both of these two hybrids have a SCA value significantly greater than 
zero. 
Within the Si experiment, the highest SCA for grain yield was 
BS10(FR)C14/BS29(R)C3 (0.87). This hybrid was the only hybrid that had a positive SCA 
value that was significantly greater than zero. BS 10(FR)C 14/BS29(R)C3 also had the 
lowest SCA value for grain moisture (-0.60), which was also significantly lower than zero. 
When comparing estimates of Si SCA values for high grain yield and low grain moisture, the 
population hybrid BS10(FR)C14/BS29(R)C3 is the superior hybrid. The lowest grain yield 
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SCA value that was significantly lower than zero was for the population hybrid 
BS 10(FR)C 14/BS11 (FR)C 14 (-0.57). The population with the highest SCA for grain 
moisture was BSK(HI)C11/BS29(R)C3 (0.75). This hybrid was significantly higher than 
zero for grain moisture SCA. 
So population performance for estimates of GCA is best compared within the Stiff-
Stalk population and within the Non-Stiff-Stalk populations (Table 6). Within the Stiff-
Stalk populations, the highest estimate of GCA for grain yield was for the BSSS(R)C14 
(0.63) population, which also had one of the lower estimates of GCA for grain moisture. 
The BSSS(R)C14 population seemed to have the greatest potential of the Stiff-Stalk 
populations to make good overall improvement when used in breeding. BS34(S)C4 had 
some of the worst GCA estimates; it was lowest in grain yield GCA (-0.73) and highest 
in grain moisture GCA (1.43). 
So experiment comparisons within the Non-Stiff-Stalk populations did not show as 
distinct outstanding populations as within the Stiff-Stalk populations. BSCB1(R)C14 and 
BS11(FR)C14 had high grain yield estimates of GCA along with low grain moisture GCA 
estimates. 
Si GCA Stiff-Stalk Populations 
BS10(FR)C14 (0.54) was the highest population estimate for grain yield GCA for the 
Si Stiff-Stalk populations. BS13(S)C11 (0.43) estimate was similar to BS10(FR)C 14. Both 
of these populations proved to have greater potential for use in a wide range of crosses with 
Non-Stiff-Stalk populations. The lowest GCA value for grain yield was from the 
BS34(S)C4 population (-0.48). BS28(R)C3 also had a significantly negative estimate of 
GCA for grain yield (-0.43). It is interesting that the BSSS(R)C14 population with the 
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highest GCA estimate for grain yield in the So experiment (0.63), but it was not significantly 
different than zero in the Si experiment (0.14). 
Sj GCA Non-Stiff-Stalk Populations 
BS29(R)C3 was the only population that had values of GCA for grain yield that were 
significantly greater zero. This population was higher for yield as well as higher for grain 
moisture. The only population that was significantly lower than zero for grain yield GCA 
was BS26(S)C4 (-0.22). 
Heterosis and Inbreeding Depression 
The increase in performance from the parents to the So hybrids was calculated using 
mid-parent heterosis as an absolute value (Table 8). In general heterosis was highest for 
hybrids that had lower yielding parents. The highest heterosis for grain yield was for the 
hybrid BSSS(R)C14/BSCB1(R)C14 (3.31 t/ha). Both BSSS(R)C14 and BSCB1(R)C14 were 
the lowest yielding populations within their respective heterotic groups (Table 5). The 
lowest estimate of heterosis was observed by the population hybrid 
BS 10(FR)C 14/BS11 (FR)C 14 (0.41 t/ha). BS10(FR)C14 and BS11(FR)C14 also had the 
highest grain yield within their respective heterotic groups. However, the correlation of mid-
parent yield to heterosis proves to be very weak across all of the experiments (r = 0.29). 
The heterosis calculated from the So populations should be equal to twice the 
heterosis calculated from the Si population. On average across both experiments, heterosis 
was 1.66 for the So and 0.61 for the Si experiment, which was 13 % less heterosis than 
should be expected. This may be due to epitasis or experimental error. 
Inbreeding depression for grain yield between the So to the Si generations was 
greatest in the BSSS(R)C14/BS26(S)C4 population hybrid (3.16 t/ha). The lowest estimate 
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of inbreeding depression for grain yield was for BS10(FR)C14/BS29(R)C3 (1.59 t/ha). It is 
interesting that BS10(FR)C14/BS29(R)C3 also had the highest grain yield as a population 
hybrid (Table 2). 
BS13(S)C9 (0.61 t/ha) and BSCB1(R)C14 (1.10 t/ha) had the lowest average grain 
yield inbreeding depression within each heterotic group (Table 9). Lower inbreeding 
depression suggests that these populations have a greater frequency of favorable genes for 
grain yield. The largest estimates of grain yield inbreeding depression was from 
BS10(FR)C14 (2.09 t/ha) and BS11(FR)C14 (2.05 t/ha). Higher estimates for inbreeding 
depression indicate that these populations could include more deleterious genes for grain 
yield compared with populations having lower estimates. Grain moisture inbreeding 
depression was highest for BS28(R)C3 within the Stiff-Stalk heterotic group and for 
BS29(R)C3 within the Non-Stiff-Stalk group. The lowest grain moisture inbreeding 
depression estimates were from BS10(FR)C14 and BSCB1(R)C14. 
Correlations 
Associations were calculated between So and Si traits as well as within So and Si 
experiments. For the different estimated parameters the highest association was between So 
and Si for grain yield (Table 10). A correlation coefficient of 0.52 was observed between 
grain yield of So population hybrids and Si population hybrids. The best prediction of Si 
yield was So yield followed by So mid-parent grain yield at r = 0.26. Mid-parent heterosis of 
So and Si grain yields had a correlation of 0.49, which was similar to the correlation for yield 
between So and Si generations (Table 10). The correlations between So and Si generation 
traits were high for grain moisture (0.87), plant height (0.80), and ear height (0.63). The So 
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generation was not a good prediction of root (r = 0.01) and stalk (r = 0.19) lodging in the Si 
generation. 
Correlations between So parameters for grain yield can also be compared to one 
another (Table 11). The best prediction of So yield would be to know the amount of So 
heterosis. For the So experiment, a 0.51 correlation coefficient was obtained between yield 
and mid-parent heterosis. The only other parameter that was even weakly correlated was 
mid-parent heterosis and inbreeding depression, which was r = 0.37 (Table 11). 
Si parameters for grain yield were correlated better with each other than the So traits 
(Table 12). This may be due to a decrease in magnitude and range of grain yield values. 
Grain yield correlated with heterosis at 0.63. Mid-parent grain yield was correlated weakly 
with grain yield at 0.49, and mid-parent grain yield was correlated with SCA values at 0.58. 
Inbreeding depression did not correlate with any of the other traits (Table 12). 
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CONCLUSIONS 
Exotic germplasm populations performed equally as well in hybrid combinations as did U.S. 
corn belt based germplasm populations. Two of the top five grain yielding population 
crosses included exotic germplasm. GCA estimates did not favor use of the exotic 
germplasm populations, but SCA estimates did show potential. Actual performance data also 
suggest that exotic germplasm can help to improve breeding programs. The population 
hybrid of BS10(FR)C 14/BS29(R)C3 showed the most potential. This cross of Corn Belt 
germplasm with exotic germplasm was the best population hybrid. BSSS(R)C14 had the 
highest GCA estimate for grain yield of the Stiff-Stalk populations, whereas BSCB1(R)C14 
and BS11(FR)C14 had the highest GCA estimates for the Non-Stiff-Stalk populations. 
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APPENDIX 
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Table 1. Average grain yield for all entries obtained for each year and location 
combined across years. 
Grain Yield (t/ha) 
Sp Experiment Si Experiment 
2003 5.80 3.82 
2004 8.69 5.97 
Ames 8.70 6.17 
Ankeny 7.28 4.46 
Carroll 6.81 4.43 
Crawfordsville 7.80 5.95 
Lewis 5.58 3.46 
Average 7.20 4.90 
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Table 2. So population cross means obtained from data collected at five locations in 2003 
and 2004. 
Grain Grain Lodging Height 
Population crosses yield moisture Root Stalk Plant Ear 
t/ha % % % cm cm 
B S10(FR)C 14/B S11 (FR)C 14 7.30 16.9 6.8 8.5 213 102 
BS10(FR)C 14/BS26(S)C4 7.50 18.3 7.2 9.6 214 99 
BS10(FR)C 14/BS29(R)C3 8.30 19.2 7.1 8.8 238 123 
BS 10(FR)C 14/BSCB1 (R)C 14 7.83 17.2 6.8 9.2 238 129 
BS 10(FR)C 14/BS16(S)C2 7.07 18.4 7.4 9.4 241 124 
BS34(S)C4/BS11(FR)C14 7.18 18.9 7.6 10.0 216 105 
BS34(S)C4/BS26(S)C4 6.31 20.2 7.1 10.2 236 109 
BS34(S)C4/BS29(R)C3 6.81 21.0 7.5 9.9 221 120 
BS34(S)C4/BSCB1(R)C14 7.02 19.4 7.4 10.1 233 132 
BS34(S)C4/BS16(S)C2 6.12 19.9 8.1 10.3 234 120 
BS28(R)C3/BS 11 (FR)C 14 7.40 17.6 6.9 9.3 228 115 
BS28(R)C3/BS26(S)C4 6.73 18.8 6.7 8.8 248 120 
BS28(R)C3/BS29(R)C3 6.91 19.6 7.6 9.1 226 121 
BS28(R)C3/BSCB1(R)C14 7.42 16.9 7.2 8.7 233 131 
BS28(R)C3/BS16(S)C2 6.46 18.9 7.5 8.9 255 134 
BSSS(R)C14/BS11(FR)C14 7.92 16.7 7.3 9.5 247 123 
BSSS(R)C14/BS26(S)C4 7.82 18.9 6.6 8.5 247 115 
BSSS(R)C14/BS29(R)C3 8.12 18.9 7.3 8.4 234 112 
BSSS(R)C 14/BSCB 1 (R)C14 8.21 17.3 7.3 9.3 234 123 
BSSS(R)C14/BS16(S)C2 7.72 18.5 6.9 8.7 244 116 
BS13(S)C9/BS11(FR)C14 8.24 16.9 7.2 9.5 239 120 
BS13(S)C9/BS26(S)C4 7.90 18.6 7.0 8.2 231 132 
BS13(S)C9/BS29(R)C3 7.98 19.8 7.2 9.5 244 116 
BS 13(S)C9/BSCB 1 (R)C 14 8.14 17.3 7.2 8.8 231 116 
BS13(S)C9/BS16(S)C2 7.45 18.5 7.7 10.1 233 128 
BSK(S)C 11/BS11 (FR)C 14 7.15 17.0 7.9 10.1 229 117 
BSK(S)C11/BS26(S)C4 6.95 18.2 7.4 11.2 238 117 
BSK(S)C11/BS29(R)C3 7.21 19.8 7.3 9.5 218 108 
BSK(S)C11/BSCB1(R)C14 6.95 17.4 7.5 10.0 213 108 
BSK(S)C11/BS16(S)C2 6.93 18.3 7.0 10.0 258 126 
BSK(HI)C11/BS11(FR)C14 7.86 17.5 7.9 9.7 218 119 
BSK(HI)C11/BS26(S)C4 7.01 18.9 7.1 10.0 236 114 
BSK(HI)C11/BS29(R)C3 7.54 20.2 7.6 9.7 224 117 
BSK(HI)C11/BSCB1(R)C14 7.76 17.7 7.2 9.5 230 121 
BSK(HI)C11/BS16(S)C2 7.06 19.1 7.0 8.2 242 130 
Experiment Mean 7.38 18.5 7.3 9.4 2313 118.9 
SE 0.51 0.5 4.1 6.0 8.1 6.7 
LSD (0.05) 0.30 0.31 0.87 1.05 1.21 1.10 
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Table 3. Sp population means obtained from data collected at five locations in 2003 and 2004 
Grain Grain Lodging Height 
Populations yield moisture root stalk Plant Ear 
t/ha % % % cm cm 
Stiff Stalk Populations 
BS10(FR)C14 7.18 17.7 7.2 8.7 215 93 
BS34(S)C4 5.12 21.1 8.5 10.4 205 115 
BS28(R)C3 5.70 18.2 7.2 9.9 219 99 
BSSS(R)C14 5.14 17.6 7.2 9.2 227 111 
BS13(S)C9 5.65 17.4 7.1 9.7 233 121 
BSK(S)C11 5.56 17.8 7.3 9.3 207 93 
BSK(HI)C11 5.88 18.2 7.8 9.7 227 112 
Non-Stiff Stalk Populations 
BS11(FR)C14 6.58 16.7 7.1 9.6 214 111 
BS26(S)C4 5.50 19.3 7.7 10.3 217 122 
BS29(R)C3 6.22 21.2 7.1 8.8 228 120 
BSCB1(R)C14 4.72 16.5 7.4 9.6 218 123 
BS16(S)C2 5.41 18.6 7.7 10.0 223 118 
Experiment Mean 5.72 18.3 7.4 9.6 219.5 111.5 
SE 0.62 0.57 8.78 6.40 8.10 6.70 
LSD (0.05) 0.33 0.32 1.26 1.08 1.21 1.10 
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Table 4. Si population hybrid cross means from data collected at five locations in 2003 and 2004. 
Grain Grain Lodging Height 
Selfed population crosses yield moisture root stalk plant ear 
t/ha % % % cm cm 
B S10(FR)C 14/B S11(FR)C14:1639)-B 4.89 16.0 7.1 13.3 183 73 
BS 10(FR)C 14/BS26(S)C4 :1643 )-B 5.29 17.8 7.4 13.1 191 78 
BS 10(FR)C 14/B S29(R)C3 :1647)-B 6.71 17.2 5.9 10.0 204 109 
BS10(FR)C14/BSCB1(R)C14:1651)-B 5.28 16.2 6.1 9.1 212 108 
BS10(FR)C14/BS16(S)C2:1655)-B 5.10 17.4 6.9 10.7 220 97 
BS34(S)C4/BS11(FR)C14:1659)-B 4.69 18.2 11.0 11.4 180 93 
BS34(S)C4/BS26(S)C4:1663)-B 3.89 19.1 9.3 10.4 198 96 
BS34(S)C4/BS29(R)C3 :1667)-B 4.37 19.6 6.9 13.4 196 102 
BS34(S)C4/BSCB1(R)C14:1671)-B 4.75 18.4 5.4 10.6 193 105 
BS34(S)C4/BS 16(S)C2:1675)-B 4.42 18.3 8.2 12.9 200 105 
BS28(R)C3/BS 11 (FR)C 14:1679)-B 4.80 16.6 9.7 11.4 191 97 
BS28(R)C3/BS26(S)C4:1683)-B 4.50 17.5 8.9 12.2 225 92 
BS28(R)C3/BS29(R)C3 :1687)-B 4.33 18.1 7.6 12.8 199 96 
BS28(R)C3/BSCB1(R)C14:1691)-B 4.34 16.8 7.0 9.5 195 104 
BS28(R)C3/BS16(S)C2:1695)-B 4.33 17.4 7.4 11.6 220 111 
BSSS(R)C14/BS11(FR)C14:1699)-B 5.02 16.1 4.3 8.3 207 100 
BSSS(R)C14/BS26(S)C4:1703)-B 4.66 17.3 6.4 8.4 210 86 
BSSS(R)C14/BS29(R)C3:1707)-B 5.72 17.7 7.2 7.9 203 97 
BSSS(R)C14/BSCB1(R)C14:1711)-B 5.16 16.6 6.9 10.4 208 107 
BSSS(R)C 14/BS16(S)C2:1715)-B 4.65 16.9 8.6 12.9 220 102 
BS 13(S)C9/BS 11 (FR)C 14:1719)-B 5.52 15.9 8.0 13.4 203 94 
BS 13(S)C9/BS26(S)C4:1723)-B 5.07 18.0 7.3 8.0 199 116 
BS 13(S)C9/BS29(R)C3 :1727)-B 5.74 18.4 6.4 10.7 222 97 
BS13(S)C9/BSCB1(R)C14:1731)-B 5.08 16.1 6.3 8.1 199 104 
BS 13(S)C9/BS 16(S)C2:173 5)-B 5.33 17.8 6.3 10.0 209 106 
BSK(S)C11/BS11(FR)C14:1739)-B 4.41 16.1 6.5 12.0 192 90 
BSK(S)C11/BS26(S)C4:1743)-B 4.66 17.5 6.9 15.5 216 105 
BSK(S)C 11/BS29(R)C3 :1747)-B 5.30 18.1 5.3 10.6 194 81 
BSK(S)C11/BSCB1(R)C14:1751)-B 4.76 17.0 6.9 13.6 175 97 
BSK(S)C 11/BS1 6(S)C2:1755)-B 4.91 17.3 6.6 11.5 232 105 
B SK(HI)C 11 /B S11 (FR)C 14:1759)-B 5.06 16.3 8.0 13.1 181 95 
BSK(HI)C 11/BS26(S)C4:1763 )-B 4.77 17.7 6.3 14.0 210 90 
BSK(HI)C 11/BS29(R)C3 :1767)-B 4.89 19.3 12.0 13.5 194 105 
B SK(HI)C 11 /B SCB1 (R)C 14:1771)-B 4.66 16.9 8.6 14.8 203 105 
BSK(HI)C11/BS16(S)C2:1775)-B 4.59 17.9 7.3 13.6 218 108 
Experiment Mean 4.90 17.4 7.3 11.5 203 99 
SE 0.59 0.87 3.23 6.44 7.60 5.40 
LSD (0.05) 0.33 0.40 0.77 1.08 1.17 0.99 
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Table 5. Si population means for data collected at five locations in 2003 and 2004. 
Grain Grain Lodging Height 
Selfed populations yield moisture root stalk Plant Ear 
t/ha % % % cm cm 
Stiff Stalk Populations 
BS10(FR)C14:1779-B 5.09 17.0 4.9 13.1 178 80 
BS34(S)C4:1783-B 4.17 20.2 9.9 16.8 166 85 
BS28(R)C3:1787-B 3.53 16.4 7.1 8.6 185 71 
BSSS(R)C14:1791-B 4.44 16.5 6.8 11.6 195 83 
BS13(S)C9:1795-B 5.04 16.5 6.8 5.9 212 111 
BSK(S)C11:1799-B 4.29 17.0 8.3 13.7 181 79 
BSK(HI)C11:1803-B 4.50 17.2 7.0 14.8 199 95 
Non-Stiff Stalk Populations 
BS11(FR)C14:1807-B 4.54 16.0 9.8 13.1 189 91 
BS26(S)C4:1811-B 3.93 17.8 5.4 14.4 195 96 
BS29(R)C3 :1815-B 4.68 18.8 9.8 11.6 195 103 
BSCB1(R)C14:1819-B 3.62 16.1 9.2 15.8 188 110 
BS16(S)C2:1823-B 4.03 17.8 7.4 12.9 190 108 
Experiment Mean 4.32 17.3 7.7 12.7 189.5 92.6 
SE 0.4 0.66 5.65 4.39 6.3 4.8 
LSD (0.05) 0.3 0.3 1.0 0.9 1.1 0.9 
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Table 6. Estimates of GCA for grain yield and moisture for So and Si populations from 
data collected at five locations in 2003 and 2004. 
Grain Yield Grain Moisture 
Populations So Si So Si 
t/ha— 
Stiff Stalk Populations 
BS10(FR)C14 0.25* 0.54* -0.49 * -0.49 
BS34(S)C4 -0.73 * -0.48 * 1.43* 1.32 
BS28(R)C3 -0.41 * -0.43 * -0.12 -0.14 
BSSS(R)C14 0.63* 0.14 -0.44 * -0.51 
BS13(S)C9 0.54* 0.43* -0.25 * -0.16 
BSK(S)C11 -0.36* -0.09 -0.35 * -0.21 
BSK(HI)C11 0.08 -0.12 0.22* 0.19 
LSD * = (0.05) 0.18 0.20 0.19 0.19 
Non-Stiff Stalk Populations 
BS11(FR)C14 0.22* 0.01 -1.13* -0.95 
BS26(S)C4 -0.21 * -0.22 * 0.37* 0.43 
BS29(R)C3 0.20* 0.39* 1.34* 0.92 
BSCB1(R)C14 0.22* -0.04 -0.91 * -0.55 
BS16(S)C2 -0.43 * -0.13 0.33* 0.15 
LSD * = (0.05) 0.15 0.16 0.15 0.24 
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Table 7. Estimates of SCA for So and Si population crosses for data collected at five loc. in 
2003 and 2004. 
Grain yield Grain 
Inbreeding Heterosis moisture 
Selfed population crosses So Si depression So Si So Si 
t/ha % 
BS 10(FR)C 14/BS11(FR)C14 -0.54* -0.57* 0.07 -0.50* -0.57 0.02 0.05 
BS10(FR)C14/BS26(S)C4 0.10 0.06 0.05 0.10 0.05 -0.05 0.47 
BS 10(FR)C 14/BS29(R)C3 0.55* 0.87* -0.34* 0.53* 0.86 -0.14 -0.60* 
BS 10(FR)C 14/BSCB 1 (R)C 14 0.03 -0.14 0.13 0.00 -0.13 0.08 -0.20 
BS 10(FR)C 14/BS 16(S)C2 -0.14 -0.22 0.09 -0.12 -0.21 0.10 0.29 
BS34(S)C4/BS 11 (FR)C 14 0.31 0.25 0.03 0.29 0.26 0.16 0.44 
BS34(S)C4/BS26(S)C4 -0.19 -0.32 0.15 -0.17 -0.32 -0.08 -0.07 
BS34(S)C4/BS29(R)C3 -0.06 -0.40* 0.39* -0.05 -0.44 -0.21 -0.02 
BS34(S)C4/BSCB1(R)C14 0.13 0.35 -0.28* 0.09 0.36 0.45* 0.21 
BS34(S)C4/BS16(S)C2 -0.18 0.12 -0.30* -0.16 0.14 -0.31 -0.57* 
BS28(R)C3/BS11(FR)C14 0.22 0.30 -0.11 0.22 0.33* 0.34 0.29 
BS28(R)C3/BS26(S)C4 -0.07 0.23 -0.30* -0.05 0.25 0.11 -0.20 
BS28(R)C3/BS29(R)C3 -0.27 -0.54* 0.27* -0.25 -0.52* -0.07 -0.12 
BS28(R)C3/BSCB1(R)C14 0.25 -0.10 0.27* 0.20 -0.07 -0.58* 0.09 
BS28(R)C3/BS16(S)C2 -0.13 0.11 -0.13 -0.12 0.01 0.20 -0.06 
BSSS(R)C14/BS11(FR)C14 -0.27 -0.05 -0.21 * -0.24 -0.03 -0.23 0.13 
BSSS(R)C14/BS26(S)C4 0.06 -0.17 0.24* 0.07 -0.17 0.45* -0.02 
BSSS(R)C14/BS29(R)C3 -0.02 0.27 -0.30* -0.01 0.29 -0.47* -0.17 
BSSS(R)C14/BSCB1(R)C14 0.05 0.23 -0.15 0.01 0.16 0.10 0.24 
BSSS(R)C14/BS16(S)C2 0.17 -0.28 0.42* 0.17 -0.25 0.15 -0.18 
BS 13(S)C9/BS 11 (FR)C 14 0.16 0.16 -0.07 0.10 0.16 -0.21 -0.38 
BS13(S)C9/BS26(S)C4 0.24 -0.05 0.23* 0.17 -0.06 -0.02 0.33 
BS13(S)C9/BS29(R)C3 -0.09 0.01 -0.14 -0.14 0.00 0.32 0.22 
BS13(S)C9/BSCB1(R)C14 -0.28 -0.23 0.18 -0.04 -0.23 -0.02 -0.56* 
BS13(S)C9/BS16(S)C2 -0.03 0.12 -0.21 * -0.08 0.13 -0.07 0.39 
BSK(S)C11/BS11(FR)C14 -0.10 -0.34 0.32* -0.09 -0.41 * 0.00 -0.13 
BSK(S)C11/BS26(S)C4 0.12 0.06 0.05 0.12 0.07 -0.29 -0.14 
BSK(S)C11/BS29(R)C3 -0.01 0.09 -0.10 0.00 0.10 0.37 -0.06 
BSK(S)C11/BSCB1(R)C14 -0.31 -0.03 -0.32* -0.33 * 0.00 0.11 0.35 
BSK(S)C11/BS16(S)C2 0.31 0.22 0.05 0.30 0.24 -0.18 -0.02 
BSK(HI)C11/BS11(FR)C14 0.22 0.26 -0.04 0.22 0.26 -0.07 -0.40 
BSK(HI)C11/BS26(S)C4 -0.26 0.20 -0.42* -0.23 0.19 -0.11 -0.38 
BSK(HI)C11/BS29(R)C3 -0.09 -0.29 0.22* -0.08 -0.29 0.21 0.75* 
BSK(HI)C 11/BSCB1 (R)C 14 0.12 -0.09 0.17 0.08 -0.09 -0.14 -0.14 
BSK(HI)C11/BS16(S)C2 0.01 -0.07 0.08 0.02 -0.06 0.11 0.16 
SE 0.20 0.20 0.12 0.15 0.16 0.19 0.24 
LSD * = (0.05) 0.4 0.4 0.2 0.3 0.3 0.4 0.5 
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Table 8. Estimates of the heterosis and inbreeding depression (t/ha) for grain yield and grain 
moisture (%) for data collected on 35 population crosses at five locations in 2003 and 2004. 
Grain yield Grain moisture 
Population crosses 
Inbreeding 
depression 
Heterosis Inbreeding 
depression 
Heterosis 
So Si So Si 
t/ha - - - - - -
BS10(FR)C14/BS11(FR)C14 2.41 0.41 0.07 0.91 -0.91 -0.50 
BS 10(FR)C 14/BS26(S)C4 2.21 1.16 0.78 0.49 -0.49 0.40 
BS 10(FR)C 14/BS29(R)C3 1.59 1.61 1.82 1.92 -1.92 -0.64 
BS 10(FR)C14/BSCB 1(R)C 14 2.56 1.89 0.92 1.03 -1.03 -0.36 
BS 10(FR)C 14/BS 16(S)C2 1.97 0.78 0.54 1.06 -1.06 -0.06 
BS34(S)C4/BS11(FR)C14 2.49 1.33 0.34 0.71 -0.71 0.14 
BS34(S)C4/BS26(S)C4 2.42 1.01 -0.16 1.05 -1.05 0.11 
BS34(S)C4/BS29(R)C3 2.44 1.16 -0.05 1.33 -1.33 0.18 
BS34(S)C4/BSCB 1 (R)C 14 2.27 2.12 0.85 1.02 -1.02 0.30 
BS34(S)C4/BS16(S)C2 1.70 0.87 0.32 1.57 -1.57 -0.67 
BS28(R)C3/BS 11 (FR)C 14 2.61 1.25 0.76 1.02 -1.02 0.38 
BS28(R)C3/BS26(S)C4 2.23 1.13 0.77 1.32 -1.32 0.38 
BS28(R)C3/BS29(R)C3 2.58 0.96 0.23 1.52 -1.52 0.49 
BS28(R)C3/BSCB1(R)C14 3.08 2.22 0.77 0.10 -0.10 0.58 
BS28(R)C3/BS16(S)C2 2.13 0.91 0.54 1.50 -1.50 0.24 
BSSS(R)C14/BS11(FR)C14 2.89 2.07 0.54 0.65 -0.65 -0.17 
BSSS(R)C14/BS26(S)C4 3.16 2.52 0.48 1.53 -1.53 0.15 
BSSS(R)C14/BS29(R)C3 2.40 2.47 1.16 1.25 -1.25 0.03 
BSSS(R)C14/BSCB1(R)C14 3.05 3.31 1.13 0.66 -0.66 0.32 
BSSS(R)C14/BS16(S)C2 3.07 2.47 0.41 1.64 -1.64 -0.29 
BS13(S)C9/BS11(FR)C14 2.71 2.09 0.73 1.01 -1.01 -0.36 
BS13(S)C9/BS26(S)C4 2.83 2.30 0.59 0.56 -0.56 0.84 
BS13(S)C9/BS29(R)C3 2.24 2.03 0.89 1.45 -1.45 0.75 
BS 13(S)C9/BSCB 1 (R)C 14 3.06 2.94 0.75 1.19 -1.19 -0.15 
BS13(S)C9/BS16(S)C2 2.12 1.90 0.80 0.70 -0.70 0.61 
BSK(S)C 11 /B S11 (FR)C 14 2.74 1.05 0.00 0.92 -0.92 -0.41 
BSK(S)C11/BS26(S)C4 2.29 1.40 0.56 0.72 -0.72 0.06 
BSK(S)C11/BS29(R)C3 1.90 1.31 0.82 1.72 -1.72 0.18 
BSK(S)C11/BSCB1(R)C14 2.18 1.80 0.81 0.36 -0.36 0.46 
BSK(S)C11/BS16(S)C2 2.02 1.43 0.75 0.95 -0.95 -0.10 
BSK(HI)C11/BS11(FR)C14 2.80 1.61 0.54 1.28 -1.28 -0.34 
BSK(HI)C11/BS26(S)C4 2.25 1.31 0.56 1.28 -1.28 0.16 
BSK(HI)C11/BS29(R)C3 2.65 1.49 0.30 0.92 -0.92 1.32 
BSK(HI)C11/BSCB1(R)C14 3.10 2.46 0.60 0.75 -0.75 0.31 
Experiment Mean 2.47 1.66 0.61 1.07 -1.07 0.14 
LSD (0.05) 1.13 2.24 1.27 1.13 1.39 1.47 
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Table 9. Estimates of inbreeding depression for the 12 populations evaluated at five 
locations in 2003 and 2004. 
Grain yield Grain moisture 
Populations inbreeding depression inbreeding depression 
t/ha % 
Stiff Stalk Populations 
BS10(FR)C14:1779-B 2.09 0.67 
BS34(S)C4:1783-B 0.95 0.92 
BS28(R)C3 :1787-B 2.16 1.73 
BSSS(R)C14:1791-B 0.70 1.05 
BS13(S)C9:1795-B 0.61 0.91 
BSK(S)C11:1799-B 1.28 0.77 
B SK(HI)C 11:1803 -B 1.38 0.99 
Non-Stiff Stalk Populations 
BS11(FR)C14:1807-B 2.05 0.64 
BS26(S)C4:1811-B 1.58 1.51 
BS29(R)C3 :1815-B 1.54 2.45 
BSCB1(R)C14:1819-B 1.10 0.41 
BS16(S)C2:1823-B 1.38 0.81 
Experiment Mean 1.4 1.07 
SE 0.3 0.3 
LSD (0.05) 0.05 0.05 
Table 10. Estimates of correlations between SO and SI traits from population hybrid data and correlations between SO 
generation grain yield and heterosis, mid-parent, SCA, and inbreeding depression for 35 population crosses evaluated 
at five locations in 2003 and 2004. 
Grain moisture 
Root lodging 
Stalk lodging 
Plant height 
Ear height 
Yield Heterosis Mid-parent SCA Inbreeding 
depression 
Grain Lodging Height 
moisture Root Stalk Plant Ear 
Yield 0.52 0.32 0.26 0.05 0.22 
Heterosis 0.09 0.22 0.00 0.03 0.37 
Mid-parent 0.26 0.00 0.49 0.00 0.03 
SCA 0.12 0.23 0.00 0.39 0.00 
Inbreeding depression 0.07 0.05 0.03 0.16 NA 
0.87 
0.01 
0.19 
0.80 
0.63 
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Table 11. Correlations of grain yield for the population crosses with estimates of heterosis, 
mid-parent yield, SCA, and inbreeding depression for 35 population crosses evaluated at five 
locations in 2003 and 2004. 
So 
Yield 
Heterosis 
Mid-parent 
SCA 
Yield Heterosis 
0.51 
Mid-parent SCA 
0.04 
0.29 
0.12 
0.09 
0.00 
Inbreeding 
depression 
0.22 
0.37 
0.09 
0.00 
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Table 12. Correlations of grain yield for the population crosses with estimates of heterosis, 
mid-parent yield, SCA, and inbreeding depression for 35 population crosses evaluated at five 
locations in 2003 and 2004. 
Si 
Yield 
Heterosis 
Mid-parent 
SCA 
Yield Heterosis 
0.63 
Mid-parent SCA 
0.49 
0.01 
0.30 
0.58 
0.00 
Inbreeding 
depression 
0.07 
0.05 
0.03 
0.16 
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